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Motivation: 

• Azores is located in a transition region 

• Region of substantial gradients in synoptic and cloud 
properties 

• Punctuated by frequent synoptic intrusions 

Cloud variability over the NEA 

Objective: 

Characterize the (joint) variability in NEA synoptic and cloud 
properties and dependence on time of year  



Wood et al. (BAMS 2013, in review) 

North Atlantic variability 
1000-hPa heights 



North Atlantic variability 

Jun 

Jul 

Sep 
C

lo
ud

 fr
ac

tio
n 



• Neural-network clustering approach that classifies the data 
into a user-defined number of states 

• SOM analysis is based on 0000 UTC, 500-mb geopotential 
height anomalies that have been normalized by variance 
and latitude 

• Results in a “codebook” (mapping) where each node is a 
characteristic synoptic state and each observation/data 
sample is associated with a specific node 

• Any quantity (CF, LWP, LTS) can then be “projected” onto 
this node-space. 

Self-organizing map (SOM) approach 



25°N	  to	  55°N	  
–50°W	  to	  –10°W	  

0.7°×0.7°	  grid	  box	  

Maximum-‐Random	  Overlap	  assumpAon	  
(Geleyn	  and	  Hollingsworth	  1979)	  applied	  
for	  total	  cloud	  fracAon	  from	  ERA–Interim	  
cloud	  fracAon:	  

Other	  variables	  will	  be	  “projected”	  to	  assess	  the	  
cloud	  and	  atmospheric	  properAes	  in	  the	  region	  

MODIS	  analysis	  
domain	  



EsAmated	  inversion	  strength
(Wood	  and	  Bretherton	  2006)	  

Measures of stability 

• Strong relationship between low clouds and stability  

• Stability measures 

pling of a stratocumulus cloud layer with its surface
moisture supply (Bretherton and Wyant 1997; Wyant et
al. 1997).

The predictive success of LTS, which is a bulk mea-
sure of inversion strength, suggests that a more refined
measure of inversion strength might be even more skill-
ful. In this study we propose such a refinement of LTS,
the estimated inversion strength (EIS), which we argue
is an even better predictor of the planetary boundary
layer (PBL) inversion strength and low cloud cover,
especially under global climate changes. We test this
refinement using rawinsonde profiles, reanalysis data,
and surface observer cloud reports.

2. Relationship between lower-tropospheric
stability and inversion strength

Figure 1 shows an idealized temperature profile for
the lower troposphere (p ! 700 hPa) typical of periods
of moderate tropospheric subsidence conducive to the
formation of extensive low clouds. Turbulence primar-
ily driven by strong PBL radiative cooling and cold
advection results in a PBL that is capped by an inver-
sion (often referred to as the trade inversion) at a
height zi with a strength "# in the range of 1–10 K.
Although the real structure in the PBL, inversion, and
just above the inversion is more complex than shown in
Fig. 1, this figure still provides a useful basis for relating
LTS to inversion strength.

The PBL may be vertically well mixed (e.g., noctur-
nal coastal stratocumulus) or decoupled into multiple
turbulent layers (e.g., trade cumulus). Two-layer bulk
models have been proposed that can treat both PBL
types reasonably accurately (e.g., Albrecht et al. 1979;
Betts and Ridgway 1988; Park et al. 2004). These break
the PBL into a surface mixed layer (SML), which is a
well-mixed layer that extends from the surface to the
surface-based lifting condensation level (LCL), and a
decoupled layer (DL) that extends from the LCL to the
PBL top in which the potential temperature increases
approximately linearly with height at some rate $DL.
Above the PBL exists a free-tropospheric layer with a
potential temperature that increases approximately lin-
early with height with a gradient $FT. Using this simple
structure, we can relate "# to the potential temperature
#700 at 700 hPa, the height of the p % 700 hPa surface
z700, the potential temperature at the surface #0, and the
PBL depth zi as follows:

!" % &"700 ' "0( ' #FT&z700 ' zi( ' #DL&zi ' LCL(.

&1(

The first term on the rhs in the parentheses is the
LTS as defined above, and so Eq. (1) expresses math-
ematically the basis for LTS being a measure of the
inversion strength. Indeed, "# would be perfectly cor-
related with LTS provided that the other terms involv-
ing the free-tropospheric and decoupled layer # gradi-
ents remained constant. However, as we shall show,
these terms actually vary quite systematically with #0.
This destroys the unique relationship between "# and
LTS. It also suggests our next task, which is to find
simple estimates of the free-tropospheric and de-
coupled layer # gradients.

a. Free-tropospheric lapse rate

First, we note that in the free troposphere, the ob-
served temperature profile is typically close to a moist
adiabat. The tropical atmosphere, with its weak Corio-
lis force, cannot support strong horizontal gradients in
temperature (Sobel et al. 2001), so the free-tropo-
spheric temperature profile in regions of subsidence in
the Tropics is set by the regions of active deep convec-
tion, where the profile is close to being moist adiabatic
(Stone and Carlson 1979). Even in the midlatitudes, the
free-tropospheric thermal stratification remains quite
close to a moist adiabat, although the reasons for this
are somewhat more subtle and involve horizontal, as
well as vertical, mixing (Schneider 2007).

Evidence that the free-tropospheric profiles are
closely tied to the moist adiabat is presented in Fig. 2,
which shows $FT % d#/dz between 700 and 850 hPa as

FIG. 1. Idealized profile (thick solid line) of lower-tropospheric
structure during periods of undisturbed flow. Moist adiabats are
shown as light dotted lines.
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Wood	  and	  Bretherton	  2006	  

Lower	  tropospheric	  stability	  
(Klein	  and	  Hartmann	  1993)	  
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SOM nodes — 500 mb normalized anomalies (June) 
“Trough-‐y”	  

“Ridge-‐y”	  
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SOM nodes — 500 mb normalized anomalies (June) 



Synoptic variables projected onto SOM nodes 



Synoptic variables projected onto SOM nodes 



ERA–Interim vs. sounding stability 

LTS R2 = 0.352 

EIS R2 = 0.301 



(Total) cloud properties associated with the four states 



Low cloud properties associated with the four states 



• The Azores lie in a region of substantial spatial gradients in 
meteorological and cloud properties. 

• The SOM approach is able to identify the flow regimes 
associated regular synoptic intrusions from higher latitudes. 

• Ridge-like conditions at 500 hPa are present ~51% of the time 
during June. 

• Total cloud fraction in June is almost always >0.5. In the ridge 
regime, this is from low clouds; in the trough, the contribution is 
from mid- or upper-level clouds. 

• Discrepancies between ERA-Interim and obs: 
MODIS cloud does not agree with ERA-interim cloud 
Stability from GRW soundings does not agree with ERA-
Interim stability  

Preliminary conclusions 


